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Abstract 
The article dwells upon the peculiarities of using granulated sawdust (pellets) and identifies the ways to improve the efficiency of 
plants by applying unsteady modes of drying granulated sawdust with thermal units (pumps). 
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1. Introduction 
The issues concerning low-cost fuels for heating low-rise constructions, administrative and industrial structures 
are highly urgent for the areas far enough from gas-supply systems. Thus, wood wastes (pellets) and their utilization 
as fuel are considered to be very promising. 
The process of pellet production is rather energy-intensive. The production cycle includes the following steps: 
sorting, grinding, drying, pressing and packing, with the drying process being the most energy-intensive step. The 
other steps of the production cycle (sorting, grinding, pressing, packing) are less energy-consuming [7, 8]. 
2. Plants for unsteady moisture removal 
In production the following plants for moisture removal are used most often: chamber dryers; belt dryers; vortex 
dryers; fluid-bed dryers [9]. 
The technical and economic performance of the most of the above mentioned drying plants (with one exception 
being batch-operating chamber dryers) can improved when using recirculation systems and unsteady (oscillating) 
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drying modes [2, 3, 6]. 
Despite the fact that the equipment used operates due to different physical principles but the drying process 
occurs uniformly and generally with a one-pass movement of the drying agent. This leads to pollution of the 
environment, as drying products containing not only moisture, but also volatile substances are emitted into the 
atmosphere, and moreover, it is not always economically effective. 
In mobile plants the drying agent (fuel gases) is produced due to burning the feed stock up to 50%, but in our 
opinion it is very wasteful. Systems with partial or complete recirculation of the drying agent are used relatively 
seldom as described in the scientific literature. 
To dry granular fuel it is necessary to use the so-called “soft” modes, with the temperature of the drying agent not 
being above 1400ɋ and the moisture of the resulting product not exceeding 12%. From our point of view the most 
effective drying plants are the ones with partial recirculation and heat regeneration when heat pipes and heat-pump 
units are used. 
To implement everything above stated the following scheme is proposed to be used in a dryer. 
 
Fig. 1. A combination dryer diagram with partial recirculation. 
Fig. 2. A dryer diagram with partial recirculation, heat recovery and a unit to provide its unsteady (oscillating) operating mode. 
A heat-pipe thermal exchanger allows transferring the heat from the removed drying agent (with a temperature 
about 120-1350ɋ) partially to the circulating gas.  
Such thermal exchangers are necessary to use Freon heat pumps, with a maximum temperature of the heated 
medium not exceeding 1200ɋ. This is a peculiarity of the circulating gas.  
Thus, a heat-pipe thermal exchanger can reduce the temperature of the drying agent up to 90-1000ɋ to ensure a 
more effective functioning of heat pumps. 
The next and most important factor in improving the efficiency of drying plants is reducing the time of drying. 
When drying wet materials, both the connection form of the moisture with the material and the drying mode are 
of great importance. Nowadays there exist three types of connections (bonds): chemical, physico-chemical and 
physic-mechanical ones [1, 2]. 
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Chemical bonds occur due to ionic and molecular forces, they remain unchanged after drying and as they are very 
strong. 
Physical-chemical bonds can be: 
 
x adsorption-based when a thin water layer of a few hundreds of molecules is adsorbed on an active sawdust 
surface due to the adsorption force gravity; 
x osmotic when the moisture penetrates into cells due to the osmotic pressure; 
x structural (immobilized) when the moisture is slight with a very low binding energy, and it is captured by newly 
formed helium structures. 
 
There are also two types of physical-mechanical bonds, with the main criterion of division being the size of the 
capillary radius. Thus, the first type is for the size greater than 10-5cm and the second one is for capillary radii less 
than 10-5cm [5]. 
3. Drying process with unsteady moisture removal 
During the process of drying the moisture will move from the inner layers to the sawdust surface, and then 
evaporate into the atmosphere. To analyse drying processes the following notions are used: the intensity I and the 
drying rate N. The intensity of liquid evaporation from a free surface during a steady operating mode can be 
determined due to Dalton’s formula [2, 6, 9]:  
ܫ ൌ ௐ
ிήఛ
ൌ ߚ௣ሺ݌௡ െ ݌௖ሻ,   kg/(m2·sec),      (1) 
where W is the amount of the evaporated liquid, kg; F is the evaporation surface, m2; Ĳ is the time, sec; ȕp is the 
mass-transfer coefficient, related to the difference of partial pressures, a moisture kg/(m2·sec·Pa); pɩ is the partial 
pressure of the diffusing substance over the liquid (solid) surface, Pa; pɫ is the partial pressure of the diffusing 
substance away from the interface, Pa.  
 
For approximate calculations the following formula can be used 
ܫ ൌ ͷǡ͹ ή ߱଴ǡ଼ሺ݌௡ െ ݌௖ሻ, kg/(m2·sec),      (2) 
where Ȧ is the air speed, m/sec.  
 
To calculate the evaporated liquid we use the following formula 
ܫ ൌ ߚ௖ሺ݌௡ െ ݌௖ሻ, kg/(m2·sec),        (3) 
where ȕɫ is the mass-transfer coefficient related to the concentration difference of the diffusing substance, m/sec; pɩ 
and pɫ are the concentrations of the diffusing substance on the liquid (solid) interface and away from the interface, 
kg/m3. 
 
The mass-transfer coefficients ȕɫ and ȕɪ are interrelated [10] 
ߚ௖ ൌ
ఉ೛
ோή்
,         (4) 
where R § 287 J»(kg·Ʉ) is the universal gas constant for dry air, m/sec; T is the temperature of the evaporated liquid, K.  
 
The following relationship between the amounts of the evaporated liquid and the supplied heat becomes 
noticeable: 
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ݍ ൌ ܫ ή ݎ ൌ ߙሺݐ௖ െ ݐ௡ሻ, J/(m2·sec·0ɋ),      (5) 
where r is the specific heat of evaporation, J/kg; Į is the heat exchange coefficient, J/(m2·sec·0C); tɫ, tɩ are the 
ambient temperature and the evaporation surface temperature, 0C. 
 
The drying process can be divided into several periods: the warm period, the period of constant evaporation rate 
(as it is characterized by the highest rate of moisture evaporation), the period of the falling drying rate. 
During the period of constant evaporation rate the temperature of the material is constant dt/dĲ=0, the rate of 
moisture diffusion to the surface is equal to the evaporation rate, and the heat necessary to evaporate the moisture is 
obtained from the ambient drying agent due to heat exchanges (convection and radiation in some cases). The 
evaporation intensity I, in this case, is directly proportional to the heat flux density on the body surface. 
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where N=(dw/dr) is the drying rate during the period of constant rate, Rv=V/F is the ratio of the body volume to its 
surface, m; ȡ is the density of the absolutely dry material, kg/m3. 
 
According to the law of heat and moisture conductivity disclosed by A.V.Lykov the moisture in the material 
moves along the direction of the heat flux and the gas passes in the opposite direction [6]. Thus, during the drying 
period the moisture in the material can move to its surface due to the difference in its concentrations, the influence 
of heat and moisture conductivity and the gradient of the excess pressure (when the temperature of the material close 
to or greater than 1000C, there occurs a filtration transfer [2]). 
In general the equation of the mass transfer when drying the material can be written as follows: 
ܫ௠ ൌ െܽ௠ߩ଴
ௗ௨
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,      (7) 
where Im is the amount of liquid moved inside the material per a time unit over an area unit, kg/(m2h); am is the 
coefficient of potential conductivity (experimentally found for every particular material), m2/h; ɢ is the moisture 
concentration, kg/kg; x is the coordinate, m; ȡɨ is the density of the absolutely dry material, kg/m3; į is the thermal 
gradient coefficient, 1/0C (experimentally found for every particular material); Įɪ is the coefficient of the filtration 
transfer, m2/h, N/m2 (experimentally found for every particular material); du/dx, dt/dx and dp/dx are partial 
derivatives that are proportional to the gradients of moisture, temperature and pressure. 
 
A number of researchers [1, 4] consider the value and the direction of the temperature gradient to vary when 
cooling the material. This causes the moisture movement from the center towards the periphery due to the heat and 
moisture conductivity.  In this regard, the results given in the papers [1, 3, 4] are of special interest. To intensify the 
drying process a mode with intermediate heating and cooling may be appropriate to be used. 
When researching we used the method of mathematical modeling and the following system of equations 
,      (8) 
.        (9) 
We found the mass of the removed moisture according to 
,                   (10) 
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where T is the temperature, u is the moisture content, x is the current coordinate, Į is the heat diffusivity, ɚɬ is the 
diffusion coefficient, r is the latent evaporation heat, İ is the evaporation criterion (İ = 0 for moisture diffusion and İ 
= 1 for vapour diffusion), Ĳ is the time, į is the coefficient of the thermal diffusion, c is the specific heat. 
Conclusions 
According to the mathematical modeling intensification of the drying process is proved to be possible due to 
periodically supplying of the drying agent with the invariant temperature. Thus, unsteady modes can increase the 
intensity of the drying process, and in some cases improve the quality of the resulting product. 
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